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" 

ABSTRACT 

T h e  AAP C l u s t e r ,  composed of  t h e  d r y  launched Sa tu rn  
Workshop and a dependent CSM, i s  i n i t i a l l y  p r e s s u r i z e d  w i t h  d r y  
gases  from s t o r a g e .  T h i s  leads t o  a p e r i o d  e a r l y  i n  t h e  miss ion  
when t h e  C l u s t e r  humidi ty  l e v e l  i s  below t h e  minimum a l lowab le  
l e v e l .  This  pe r iod  can vary  depending on t h e  t o t a l  water 
g e n e r a t i o n  r a t e  and t o t a l  water  removal ra te  of t h e  C l u s t e r .  
For  a w a t e r  g e n e r a t i o n  ra te  of 15.6 lb s /day ,  t h e  minimum 
a l lowab le  dew p o i n t  of 45' F is reached i n  approximately 
1 0  hours .  A t  a water gene ra t ion  ra te  of 6 . 6  lbs/day (cor responds  
t o  t h r e e  men a t  a metabol ic  r a t e  of  500  Btu/hr  e a c h ) ,  an 
e q u i l i b r i u m  dew p o i n t  of  43' F i s  reached i n  t h r e e  t o  f o u r  days.  
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INTRODUCTION 

I n i t i a l  p r e s s u r i z a t i o n  of t h e  AAP C l u s t e r  i s  accomplished 
through t h e  use  of  oxygen and n i t r o g e n  which are stored i n  a d r y  
c o n d i t i o n  ( i . e . ,  no w a t e r  vapor p r e s e n t ) .  T h i s  l e a d s  t o  a 
s i t u a t i o n  immediately fo l lowing  i n i t i a l  p r e s s u r i z a t i o n  when t h e  
humidi ty  leve l  of t h e  C l u s t e r  atmosphere i s  below t h e  minimum 
s p e c i f i e d  by t h e  MSC C r e w  Comfort C r i t e r i a .  
45O F i s  c u r r e n t l y  s p e c i f i e d  a s  t h e  minimum allowable humidi ty  
l e v e l  i n  t h e  C l u s t e r  ( R e f .  1). 

A d e w  p o i n t  of  

Prolonged p e r i o d s  of o p e r a t i o n  under  l o w  humidi ty  
c o n d i t i o n s  can r e s u l t  i n  s k i n  f l a k i n g ,  i r r i t a t i o n ,  and g e n e r a l  
d i s c o m f o r t  of t h e  crew. I t  therefore becomes i m p o r t a n t  t o  
de te rmine  t h e  l e n g t h  of t i m e  r e q u i r e d  f o l l o w i n g  i n i t i a l  p r e s u r i z a -  
t i o n  t o  r e a c h  t h e  minimum a l lowab le  45' F dew p o i n t .  

A number of assumptions are made i n  t h i s  memorandum i n  
o r d e r  t o  s i m p l i f y  t h e  a n a l y s i s .  Consequent ly ,  t he  r e s u l t s  
o b t a i n e d  are approximate.  However, it i s  f e l t  t h a t  t h e  r e s u l t i n g  
l e v e l  o f  accuracy  i s  s u f f i c i e n t  t o  p rov ide  a r e a s o n a b l e  estimate 
of t h e  t i m e  r e q u i r e d  f o r  i n i t i a l  humidi ty  b u i l d u p  i n  t h e  C l u s t e r .  

DISCUSSION 

A f low schemat ic  of t h e  AM condensing h e a t  exchangers  
and t h e  molecular  sieve system i s  shown i n  F i g u r e  1. These are 
t h e  o n l y  water removal sources cons ide red  o p e r a t i v e  i n  t h i s  
a n a l y s i s .  Water l o s t  overboard through normal a tmospher ic  
l e a k a g e  i s  small  by comparison (on t h e  order o f  several t e n t h s  
of a pound p e r  day)  and i s  ignored  i n  t h i s  memorandum. T h e  
a i r  stream f lowing  o u t  of  t h e  condensing heat exchanger  d iv ides  
among three p a r a l l e l  b ranches  -- t h e  molecu la r  sieve, an  odor 
a b s o r b i n g  c h a r c o a l  c a n i s t e r ,  and a f l o w  by-pass.  A i r  f l owing  
back t o  t h e  c a b i n  atmosphere from t h e  molecular  sieve i s  
assumed t o  be d ry .  A i r  f lowing  from t h e  c h a r c o a l  c a n i s t e r  and 
p a r a l l e l  bypass  i s  assumed t o  have t h e  same water c o n t e n t  as 
t h a t  f l owing  from t h e  condensing hea t  exchanger .  
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When t h e  dew p o i n t  of t h e  C l u s t e r  atmosphere i s  less 
than  40' F ,  no water  i s  removed i n  t h e  condensing h e a t  exchanger.  
Thus, t h e  only  water  removal sou rce  o p e r a t i v e  e a r l y  i n  t h e  
miss ion  i s  t h e  predry ing  bed of t h e  molecular  sieve. When t h e  
dew p o i n t  i s  g r e a t e r  than  40'  F ,  t h e  condensing h e a t  exchanger 
wa te r  removal ra te  used i n  t h i s  a n a l y s i s  is  based on d a t a  from 
Reference 2 .  

Water gene ra t ion  r a t e s  are based on c r e w  me tabo l i c  
a c t i v i t y .  
d u r i n g  which c o n s i d e r a b l e  sweat ing t a k e s  p l a c e  and f o r  a lower 
l e v e l  of a c t i v i t y  corresponding t o  a me tabo l i c  ra te  of approximately 
500 Btu/hr p e r  man. The respective w a t e r  g e n e r a t i o n  rates are 
15 .6  l b s / 3  men/day and 6 . 6  lbs/3 men/day. A t  t h e  h i g h e r  ra te ,  
approximately 9 lbs/day of t h e  wa te r  produced i s  i n  t h e  form of 
p e r s p i r a t i o n  (Ref. 3 ) .  Atmospheric tempera ture  i s  assumed 
c o n s t a n t  a t  70° F ,  and atmospheric  composi t ion i s  assumed t o  be 
uniform throughout  t h e  C l u s t e r .  

R e s u l t s  a r e  shown f o r  a h igh  me tabo l i c  a c t i v i t y  l e v e l  

The i n i t i a l  bu i ldup  of  w a t e r  vapor p a r t i a l  p r e s s u r e  
i n  t h e  C l u s t e r  i s  shown i n  F igu re  2 .  The e q u a t i o n s  d e s c r i b i n g  
t h e  cu rves  of F igu re  2 a r e  given i n  t h e  Appendix. The p a r t i a l  
p r e s s u r e  c h a r a c t e r i s t i c  f o r  each wa te r  g e n e r a t i o n  ra te  i s  made 
up of  t w o  e x p o n e n t i a l  cu rves  -- one which a p p l i e s  below an 
a tmospher ic  dew p o i n t  of 40' F and a second which i s  a p p l i c a b l e  
above a d e w  p o i n t  of 40° E'. 

CONCLUSIONS 

Water vapor  c o n t e n t  of  t h e  AAP C l u s t e r  w i l l  r each  
t h e  minimum a l lowab le  dew p o i n t  of 45 '  F i n  approximately 
1 0  hour s  when t h e  c r e w  i s  working a t  a me tabo l i c  ra te  such t h a t  
1 5 . 6  lbs /day  of water are gene ra t ed .  Th i s  cor responds  t o  
5 . 2  lbs /day  of t r a n s p i r e d  and p e r s p i r e d  w a t e r  p e r  crewman. A 
m o r e  r e a l i s t i c  wa te r  gene ra t ion  ra te  i s  probably a t o t a l  of 
6 .6  l b s / 3  men/day, corresponding t o  a n  average me tabo l i c  ra te  
of 500 Btu/hr/man and no sweat ing.  Under t h e s e  c o n d i t i o n s  t h e  
dew p o i n t  of  t h e  C l u s t e r  never does r each  45' F. 
dew p o i n t  of approximately 43' F i s  reached i n  3 t o  4 days.  

An e q u i l i b r i u m  

I f  t h e s e  e q u i l i b r i u m  humidi ty  l e v e l s  and t h e  t i m e  t o  
r e a c h  them are unacceptab le  f r o m  a c r e w  comfort  s t a n d p o i n t ,  
several p o s s i b l e  s o l u t i o n s  deserve  c o n s i d e r a t i o n .  The most 
s t r a i g h t f o r w a r d  of t h e s e  i s  t o  i n s t a l l  a water evapora to r  i n  
t h e  C l u s t e r .  
p r e c o n d i t i o n e d  atmosphere,  or t h e  s t o r a g e  of w e t  a tmospher ic  
s u p p l i e s  should  a l s o  be given c o n s i d e r a t i o n .  

A p r e s s u r i z e d  launch of t h e  Dry Workshop wi th  a 
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APPENDIX: EQUATIONS DESCRIBING THE I N I T I A L  H U M I D I T Y  BUILDUP I N  
THE AAP CLUSTER 

The g e n e r a l  mass balance  e q u a t i o n  g iven  below w i l l  
be used t o  c a l c u l a t e  t h e  i n i t i a l  humidi ty  bu i ldup  i n  t h e  
C l u s t e r :  

where : 

m ( t )  = mass of w a t e r  vapor  i n  C l u s t e r  a tmosphere,  l b s  

g ( t )  = water vapor g e n e r a t i o n  ra te  i n  C l u s t e r ,  l b s / h r  

r ( t )  = water  vapor removal ra te  from C l u s t e r ,  l b s / h r  

m ( t )  i s  g iven  by t h e  i d e a l  gas l a w :  

where: 
2 p ( t )  = water vapor p a r t i a l  p r e s s u r e ,  l b s / i n  

V = volume of C l u s t e r  = 1 2 , 1 9 9  f t 3  

M = molecular  weight  o f  water = 18 

R = i d e a l  gas c o n s t a n t  = 10.73 p s i a  f t  /mole O R  
3 

T = atmospheric  tempera ture  = 70° F = 530°R 
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D i f f e r e n t i a t i n g  ( 2 )  

or  

A- 2 

CASE I: DEW P O I N T  5 4 0 "  F 

For t h e  case when t h e  d e w  p o i n t  i s  less than  40" F ,  

3 
t h e  on ly  source of w a t e r  removal from t h e  atmosphere i s  t h e  
pre-dry ing  bed of t h e  molecular  s i e v e .  
vo lumet r i c  f l o w  r a t e  through t h e  molecular  s i e v e  (F = 360 f t  / h r ) ,  
t h e  wa te r  removal r a t e ,  r ( t ) ,  becomes 

Def in ing  F as t h e  

For a c o n s t a n t  water gene ra t ion  r a t e ,  g ( t )  = G ,  s u b s t i t u t i o n  of 
( 5 )  i n t o  ( 4 )  y i e l d s :  

So lv ing  ( 6 )  f o r  p ( t )  g i v e s  

1 - F t / V  
p ( t )  = - RTG (1 - e FM 
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Using  t h e  p r e v i o u s l y  d e f i n e d  va lues  f o r  R ,  T ,  F ,  M I  and V I  
e q u a t i o n  ( 7 )  becones f o r  t h e  t w o  v a l u e s  of r;: 

G = 6 . 6  lbs/day:  p ( t )  = . 2 4 2  (1 - e - .0296 t l  l b s / i n 2 ;  t i n  hour s  

G = 15.6  lbs/day:  p ( t )  = .571 (1 - e -.0296t) l b s / i n 2 ;  t i n  hour s  

CASE 11: DEW POINT > 4 0 "  F 

When t h e  a t n o s p h e r i c  d e w  p o i n t  i s  g r e a t e r  t h a n  4 0 °  F ,  
w a t e r  is  removed i n  b o t h  t h e  AM condensing h e a t  exchanger  and 
t h e  pre-dry ing  bed of t h e  molecular  sieve. An approximate 
equat ion  d e s c r i b i n g  t h e  wa te r  removal r a t e  ( l b s / h r )  o f  t h e  
condensing h e a t  exchanger  as a f u n c t i o n  of  t h e  water vapor  
p a r t i a l  p r e s s u r e  of t h e  atmosphere i s  g iven  below (Ref.  2 ) .  

r chx ( t)  = 7.13 p ( t )  - .871 , l b s / h r  (8) 

Assuming t h e  a i r  f low o u t  of t h e  condensing h e a t  exchanger  
i s  s a t u r a t e d  a t  4 0 "  F (wa te r  vapor  p a r t i a l  p r e s s u r e  e q u a l s  

2 .122 l b s / i n  ) ,  t h e  w a t e r  removed i n  t h e  p r e d r y i n g  bed of  t h e  
molecular s ieve becomes 

The t o t a l  water removal ra te  f o r  t h e  C l u s t e r  i s  simply t h e  sum 
of rms(t) and rchx(t)  

r,(t) = 7.13 p ( t )  - .734, l b s / h r  (11) 
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Once aga in  l e t t i n g  g ( t )  = G ,  and s u b s t i t u t i n g  (11) i n t o  
equa t ion  ( 4 )  y i e l d s  

RT RT (G + .734) d ( t)  + 7.13 E p(t) = 
d t  

Solving for p ( t )  and s u b s t i t u t i n g  f o r  t h e  known c o n s t a n t s  g i v e s  

For  t h e  t w o  v a l u e s  of G ,  (13) becomes 

G = 6.6 lbs/day: p ( t )  = . 1 4 ( 1  - .13 e-*185t) l b s / i n 2 ,  t i n  h r s  

G = 15.6 lbs/day: p ( t )  = . 1 9 4 ( 1  - .372 e-*185t) l b s / i n 2 ,  t i n  hrs 



4 

BELLCOMM, f N C .  

REFERENCES 

1. Minutes  of t h e  1 0 t h  AAP ECS/Thermal Subpanel Meeting, 
May 6 ,  1969. 

2. AM T e c h n i c a l  B r i e f i n g  a t  NASA MSFC, 31 October - 1 November, 
1968. 

3 .  "A R e v i e w  of Water Reclamation Systems f o r  AAP," Bellcomm 
Memorandum fo r  F i l e ,  J. J. Sakolosky, February  1, 1968. 


